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the grouped data and 0.15 Gy for the individual data for those exposed
in the 8-15 week period. Similarly, a threshold was also indicated for the
16-25 week-period, with a lower bound of 0.21 Gy, based on a linear model
with either the individual or the grouped data, and 0.22-0.25 Gy with the
exponential linear model. However, the case for a threshold is not clear;
linear regressions using a threshold predict a larger response than was
actually observed at large doses (W J. Schull, personal communication).

In summary, analysis of the epidemiologic data has identified the
maximal sensitivity of the human brain to occur between 8 and 15 weeks of
gestational development. During this period, the dose-effect relationship
resulting from the new DS86 dosimetry system indicates a frequency of
severe mental retardation of 43% at 1 Gy and suggests that a threshold for
the effect may exist in the range 0.2 to 0.4 Gy (Ot87, IC88).

Uncertainties: A number of uncertainties are associated with these risk
estimates. These include the limited number of cases, the appropriateness
of the comparison group, errors in the estimation of the absorbed doses
and the calculated prenatal ages at exposure, variation in the severity
of mental retardation, and other confounding factors in the postbombing
period, including malnutrition and disease (Sc86a).

Discussion: Significant harmful effects of radiation on the developing
brain of children exposed in utero during the atomic bombings of Hiroshima
and Nagasaki were observed only for those exposed during the periods 8-15
and 16-25 weeks after conception. During the period at 8-15 weeks, the
period of maximum sensitivity, the dose-response relationship appeared
to be different from that at subsequent gestational ages, indicating that
radiation effects on cerebral growth and development vary with gestational
age at exposure. This period of maximum radiation sensitivity is the time of
the most rapid cell proliferation and migration of immature neurons from
the ventricular and subventricular proliferative layers to the cerebral cortex
(Do73, Ra75, Ra78). Radiation exposure during this period may be inferred
to induce neuronal abnormalities and misarrangement of neurons, as well
as decreasing the number of normal neurons. This inference appears to be
supported by nuclear magnetic resonance images of the brains of severely
mentally retarded children, in which abnormal collections of neurons in
areas of disturbed brain architecture have been demonstrated (W. J. Schull,
personal communication).

The data for 8-15 weeks after conception, based on the DS86 doses, fit
either a linear or linear exponential dose-response relationship without a
threshold. Otake et al. have pointed out that estimating a threshold for this
effect is difficult and may depend on the clinical criteria for severe mental
retardation. If exposure to radiation moves the distribution of intelligence
downward in proportion to dose, as described below, the number of individ-
uals with levels of intellectual function below the diagnostic threshold must